which stromal cell-derived factor-1 (SDF-1), B cell-attracting chemokine-1 (BCA-1), and liver and activation-regulated chemokine (LARC) are present (17) (18) (19) (20) . These chemokines are probably involved in the constitutive migration of leukocytes into such tissues. Since the T cell hybridomas express CXC chemokine receptor 4 (CXCR4), the receptor for SDF-1 (21), we have studied whether this receptor is involved in the in vivo migration of these cells.
In addition to being the receptor for SDF-1, CXCR4 is also a coreceptor for HIV-1 (22) . One of the methods proposed to inhibit infection of T cells by HIV-1 is to reduce CXCR4 levels by transfection of an SDF-1 linked to the endoplasmic reticulum (ER) retention signal sequence KDEL, which is retained in the ER (23, 24) . Newly synthesized CXCR4 binds to this SDF-1-KDEL, is also retained in the ER, and is thus prevented from reaching the cell surface. Clinical trials have been started in which hematopoietic stem cells are transduced with two intrakines, SDF-1-KDEL and RANTES-KDEL (25) , the latter to target the second HIV-1 receptor, CC chemokine receptor 5 (CCR5) (26, 27) . We have used this same method to reduce CXCR4 surface levels of a T cell hybridoma. We show here that this causes a complete inhibition of invasion in vitro and of dissemination to multiple tissues in vivo.
Methods
Cells. The mouse T cell hybridoma TAM2D2 was generated by fusion of noninvasive BW5147 lymphoma cells with normal activated T lymphocytes (1) . The cells were cultured in RPMI-1640 medium with L-glutamine (Life Technologies Ltd., Paisley, United Kingdom) supplemented with 12.5 mM NaHCO 3 , 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 10% NCTC 135 (ICN Pharmaceuticals Inc., Costa Mesa, California, USA), 0.26 g/l L-glutamine, 0.05 mM 2-mercaptoethanol, 0.5 mM Na-pyruvate, 1 mM oxaloacetic acid, 0.2 IU/ml bovine insulin, 100 IU/ml of penicillin, 100 µg/ml of streptomycin (Life Technologies Ltd.), and 10% FCS (Life Technologies Ltd.) (4, 28) . TAM2D2 transfectants were cultured in the same medium supplemented with 1 mg/ml hygromycin (Calbiochem-Novabiochem Corp., La Jolla, California, USA) or 0.4 µg/ml puromycin (Sigma Chemical Co., St. Louis, Missouri, USA).
Rat embryo fibroblasts (REFs) were cultured in DMEM medium (Life Technologies Ltd.) with 10% newborn calf serum (Life Technologies Ltd.) and used for invasion assays between passages 5 and 15.
Generation and transduction of DNA constructs. The SDF-1-KDEL construct was generated by PCR with the primers (5′-TAGCTCTAGAGCCATGGACGCCAAG-3′ (forward) and 5′-TAGCGAATTCTTACAGCTCGTCCTTCT-CGCTCTTGTTTAAAGCTTTCTCCAGGTA-3′ (reverse with KDEL tag) as described by Chen et al. (23) . The construct was cloned into the retroviral vector pLZRS-IRES-hyg-EGFP. This vector was based on the pLZRS-IRES-zeo vector (29) , in which the zeocin resistance cDNA was replaced by a cDNA encoding a hygromycin resistance-enhanced green fluorescence protein (EGFP) fusion protein (30) . The internal ribosomal entry site (IRES) allows the translation of both the KDEL construct and the hygromycin-resistance EGFP fusion protein from one bicistronic mRNA (31) . Therefore, high EGFP expression is expected to correlate with high expression of the construct. The vector was transfected by calcium-phosphate precipitation into the virus-packaging cell line ΦNXE (30). After 8 hours, the medium was refreshed, and 48 hours later the virus supernatant was collected and used to infect the TAM2D2 cells. Three days later, hygromycin was added, and after a few days the selected cells were single-cell FACS-sorted to select clones with high EGFP expression. As a control, the empty vector pLZRS-IREShyg-EGFP was also transfected into TAM2D2 cells.
The SDF(K1R)-KDEL construct was generated as follows. To obtain an arginine instead of a lysine as the first amino acid of the mature protein, the A at position 65 was mutated to a G. For easier cloning a C→T mutation was introduced at position 84 to obtain a Cla site. The introduction of the mutations was done by PCR using the forward and reverse primers of the normal SDF-1-KDEL construct and the mutated primers 5′-CAGCCTGAGCTATCGATGCC-CCTGCCG-3′ (forward) and 5′-GGGCATCGATAGC-TCAGGCTGACTGGTCTACCGTC-3′ (reverse). These two PCR products were cloned into the retroviral vector pLZRS-IRES-hyg-EGFP. TAM2D2 cells were transfected and single-cell FACS-sorted to select clones with high EGFP expression.
The TARC-KDEL construct was generated by PCR with the primers 5′-TAGCGAATTCACCATGAGGT-CACTTCAGA-3′ (forward) and 5′-TAGCTACGTATTACA- (reverse with KDEL tag). The construct was cloned into the retroviral vector pLZRS-IRES-puro-EGFP. This vector was based on the pLZRS-IRES-zeo vector (29) , in which the zeocin-resistance cDNA was replaced by a cDNA encoding a puromycin resistance-enhanced EGFP fusion protein (30) . TAM2D2 cells were transfected and FACS-sorted to select a bulk population with high EGFP expression.
Binding assay. Cells were washed three times with ice-cold RPMI-1640 and resuspended in RPMI-1640 supplemented with 1% BSA. Cells (5 × 10 5 ) were incubated at 4°C in different concentrations of 125 I-SDF-1 (Amersham International, Little Chalfont, United Kingdom) diluted 1:10 with cold SDF-1. To measure aspecific binding an excess of cold SDF-1 was added. After 30 minutes, the cells were washed four times with ice-cold RPMI-1640 supplemented with 1% BSA. Cells were counted using a gamma counter (Minaxi-γ; Packard, Meriden, Connecticut, USA). Aspecific binding was subtracted from the total binding to calculate the specific binding.
Migration assay. Migration assays were performed as described previously (6) . Briefly, transwells with 8-µm pores were blocked for 2 hours with 0.5% ovalbumin at room temperature. The lower chamber was filled with 250 µl of either SDF-1 or thymus and activation-regulated chemokine (TARC) (PeproTech Inc., Rocky Hill, New Jersey, USA) at 100 ng/ml in RPMI-1640 supplemented with 0.1% ovalbumin. The transwells were placed on top, and 10 5 cells washed with ice-cold serum-free medium were added to the upper chamber. After incubation for 2 hours at 37°C and 5% CO 2 , the migrated cells in the lower chamber were counted.
Invasion assay. Invasion assays were performed as described previously (28) . Briefly, confluent REF monolayers in 24-well plates and TAM2D2 transfectants were washed, and the latter were added to the monolayers in serum-free medium. After incubation for 1 hour at 37°C and 5% CO 2 , the monolayers were extensively washed and fixed with 2% paraformaldehyde. The invaded cells were counted using phase-contrast microscopy. In some experiments the REF monolayers were pretreated with 100 ng/ml TARC for 1 hour at 37°C, and then extensively washed before addition of the TAM2D2 cells.
Dissemination. TAM2D2 cells or transfectants (5 × 10 5 ) in 0.2 ml PBS supplemented with 1 mM CaCl 2 and 1 mM MgCl 2 were injected into a tail vein of syngeneic 2-to 3-month-old AKR mice or BALB/c nude mice. Autopsies were performed when animals were moribund or after 100 days and examined macroscopically and microscopically for the presence of metastases. As a control, 10 6 cells were injected subcutaneously to determine the ability of the cells to grow in vivo. As soon as a minor tumor was visible, the size of the tumor was measured, then measured subsequently every 2 days to establish the proliferation rate.
RT-PCR. The organs of a BALB/c nude mouse were frozen in liquid nitrogen and total RNA was extracted using Ultraspec RNA (Tel-Test Inc., Friendswood, Texas, USA). RNA (5 µg) was reverse transcribed with oligo-dT primers using the Superscript preamplification system (Life Technologies Ltd.). RT-PCR was performed on the cDNAs from the different mouse tissues with SDF-1-specific primers. Amplification of β-actin RNA was performed simultaneously using actin-specific primers. Amplified products (15 µl) were electrophoresed on a 1.5% agarose gel.
Results

Reduction of cell surface CXCR4.
To study the role of CXCR4 in T cell hybridoma invasion and dissemination, we used a "intrakine" approach described previously (23, 24) to reduce cell surface levels of the chemokine receptor. This approach comprises the transfection of the CXCR4 ligand SDF-1 with a C-terminally attached KDEL sequence. This KDEL sequence binds to the KDEL receptor in the ER and thus retains proteins in the ER. The "intrakine" SDF-1-KDEL binds to newly synthesized CXCR4 and thus prevents it from transport to the cell surface, leading to reduced CXCR4 cell surface levels. To select cells with sufficiently high SDF-1-KDEL expression, we used a retroviral vector in which an IRES (31) was present downstream of the SDF-1-KDEL cDNA, followed by a cDNA encoding a fusion protein of the hygromycin-resistance protein and EGFP. The constructs used are shown in Figure 1a . Both SDF-1-KDEL and the fusion protein are expressed from one bicistronic mRNA, and the expression levels are likely to correlate.
We selected high expressor clones by single-cell FACS sorting, based on their EGFP expression ( Figure  1b) . The results obtained with two selected clones (SDF-K7 and SDF-K17) are shown, but other clones behaved similarly. To examine whether the SDF-1-KDEL construct did reduce CXCR4 surface levels, a binding assay was performed with 125 I-labeled SDF-1. As shown in Figure 1c , the clones SDF-K7 and SDF-K17 bound virtually no SDF-1.
Migration of the SDF-1-KDEL transfectants. The loss of cell surface SDF-1 receptor of the clones SDF-K7 and SDF-K17 was confirmed using a chemotaxis assay. TAM2D2 cells do not migrate at all when no chemokine is present in the lower compartment, but respond very strongly to the chemokine SDF-1. Whereas SDF-1 is a potent attractant for the untransfected TAM2D2 cells and the empty vector transfectants, the two clones SDF-K7 and SDF-K17 did not migrate at all (Figure 2) . Similar results were obtained with the other clones (data not shown). To show the specificity of this effect, we performed a chemotaxis assay with another chemokine: thymus and activationregulated chemokine (TARC) (32) . The migration toward TARC was the same as for the untransfected TAM2D2 cells and the empty vector transfectants (Figure 2) . This shows that the migratory capacity of the cells is not generally affected, but that the response to SDF-1 is specifically impaired.
Invasion of the SDF-1-KDEL transfectants. In previous studies, a strict correlation was observed between in vivo dissemination of the T cell hybridomas and in vitro invasion into monolayers of embryonic fibroblasts (4-7). Therefore, this invasion assay appears to be a suitable model to study signal transduction pathways involved in dissemination. Both invasion and dissemination are dependent on G i proteins, since both were completely inhibited by pertussis toxin (5, 6) . This implies that a G protein-coupled receptor is involved, most likely a chemokine receptor. The embryonic fibroblasts used for the invasion assay express the chemokine SDF-1 in a manner similar to cells in many tissues in vivo (17) . Therefore, it seemed conceivable that CXCR4 plays a role in the invasion of the T cell hybridoma. Indeed, the invasion of the two clones was completely blocked (Figure 3 ). To again exclude the possibility of a more general effect, we examined whether triggering of another chemokine receptor could restore the invasive capacity. The REF monolayer was pretreated for 2 hours with TARC. This increased the invasion of the control cells from 30-40% to 35-45% of added cells. Similarly, the invasion of the clones SDF-K7 and SDF-K17 increased from 0 to 6% of added cells. This demonstrates that the invasive capacity of the clones is not blocked, although TARC is apparently less efficient in inducing invasion than SDF-1. The effect of the SDF-1-KDEL transfection is therefore specific for CXCR4, showing that invasion completely depends on its ligand SDF-1.
Dissemination of the SDF-1-KDEL transfectants. Having established that SDF-1-induced migration and invasion of the SDF-K7 and SDF-K17 clones were completely blocked, we next tested the in vivo dissemination. We injected 5 × 10 5 cells into the tail veins of nude mice. The survival curve is shown in Figure 4 . The five mice injected with the empty vector transfectants died within 4 weeks with the same organ distribution pattern as observed for TAM2D2 cells in previous studies, that is, massive invasion of liver, spleen, kidneys, and ovaries (1, 2, 6). In contrast, 18 of the 19 mice injected with either of the two SDF-1-KDEL transfectants survived for 100 days, and upon macroscopic and microscopic examination, no abnormalities were found. Only one mouse, injected with the SDF-K7 transfectant, was moribund after 8 weeks, but no tumor was visible in the spleen and kidney. However, a large tumor was found in the retroperitoneal fat and small tumors in the hilus area of the liver. Cells isolated from the large tumor were tested for EGFP expression. EGFP expression was almost completely lost, and therefore it is likely that the expression of SDF-1-KDEL was also lost, so this is probably the reason that dissemination did occur. To establish that all cell lines were able to grow in vivo, 10 6 cells were injected subcutaneously, and the size of the tumor was followed over time. The size of all tumors increased 2.4 times a day, showing that the reduced metastatic capacity of the SDF-1-KDEL transfectants cannot be attributed to rejection or impaired in vivo growth.
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The Nonsignaling mutant. Retention of a chemokine in the ER might have undesired effects. Although unlikely, it is imaginable that binding of the SDF-1-KDEL protein to CXCR4 in the ER induces signals that might, for example, lead to downregulation of essential pathways. To exclude this possibility, we introduced a mutation in the SDF-1-KDEL construct to change the first amino acid of the mature peptide from a lysine to an arginine (Figure 5a ). This mutation changes the chemokine from an agonist into a nonsignaling antagonist (33) . Clones with high SDF(K1R)-KDEL expression were selected in a manner similar to those expressing the nonmutated SDF-1-KDEL. The T cell hybridoma was transfected with this mutant SDF(K1R)-KDEL, and transfectants were single-cell FACS-sorted to select clones with high EGFP expression (Figure 5b and data not shown). Four clones were obtained with comparable expression. This was, however, only 50% of the level of the nonmutated SDF-1-KDEL transfectants described above (Figure 1b) . As a result, CXCR4 may not be completely retained in the ER, so that low levels of receptor may still be present on the surface of the cells. Indeed, as shown in Figure 5c , the clones SDF(K1R)-K10 and K30 were still able to bind 125 I-SDF-1, approximately one third of the amount bound by TAM2D2 cells and the empty vector transfectants. As shown in Figure 6a , the chemotaxis of two of the SDF(K1R)-KDEL clones toward SDF-1 was also reduced but not totally blocked. Results obtained with the other clones were similar (data not shown). In the invasion assay, the reduction was quite substantial, but, again, invasion was not completely blocked ( Figure 6b and data not shown).
The two clones SDF(K1R)-K10 and SDF(K1R)-K30 were injected into the tail veins of eight and five syngeneic AKR mice, respectively. The survival curve is shown in Figure 6c . All five mice injected with the SDF(K1R)-K30 transfectant survived. After 100 days, the mice were examined macroscopically and microscopically and no abnormalities were found. Seven out of the eight mice injected with clone SDF(K1R)-K10 died within 100 days, but much later than mice injected with control cells. Two of these mice had metastases in the hind leg, which had been seen occasionally in previous experiments with normal TAM2D2 cells. The other five mice were all female and had large ovary tumors, besides a small tumor in the liver. The EGFP expression in the cells derived from the tumors was in all cases lower than in the cells at the time of injection. This suggests that the expression of SDF(K1R)-KDEL was less stable in clone 10 compared with clone 30, so that enough CXCR4 reappeared on the surface to enable the cells to disseminate.
TARC-KDEL. Conceivably, the expression of a chemokine with an ER retention signal sequence (KDEL) could have nonspecific effects, due only to the KDEL-sequence and not to the retention of the CXCR4 chemokine receptor in the ER. To exclude this possibility, another intrakine was transduced into the TAM2D2 cells: TARC-KDEL. This intrakine should retain CCR4, the receptor of TARC, inside the cell and therefore block migration toward TARC, whereas migration toward SDF-1 should still be normal. The expression levels of EGFP were comparable to those of the SDF-K7 and SDF-K17 clones, therefore also the expression of the KDEL constructs are likely to be similar. As seen in Figure 7 , the TARC-KDEL transfectants have completely lost the capacity to migrate toward TARC, but they do migrate towards SDF-1, showing that the effect of the TARC-KDEL intrakine is specific. In the invasion assay the TARC-KDEL transfectants behaved in a manner similar to the control cells, with only a slight decrease in invasive capacity (80% of the control cells). To investigate the metastatic capacity of the TARC-KDEL transfectant, six mice were injected intravenously. Four mice died within 6 weeks, as seen for the cells transduced with the empty vector. The four mice showed the same metastatic pattern as seen for the control mice with large tumors in liver and spleen. The other two mice were killed after 6 weeks, and no visible metastases were found.
Sites of dissemination. The T cell hybridomas spread mainly to liver, spleen, kidney, and ovaries, but metastases in other tissues have also been found (2) . The survival of all the mice injected with the SDF-1-KDEL transfectants suggests that SDF-1 is involved in the dissemination to all of these tissues. Tashiro et al. (17) have shown that SDF-1 was constitutively expressed in all organs tested, but those did not include all dissemination sites. To determine the tissue distribution of SDF-1 more extensively, we performed an RT-PCR on 14 different mouse tissues. As shown in Figure 8 , SDF-1 was expressed in all organs. Therefore, SDF-1 is probably the only chemokine responsible for the dissemination of the T cell hybridoma cells to all the different tissues.
Discussion
We have used a T cell hybridoma to study mechanisms of in vivo migration into nonlymphoid tissues that are likely to be relevant for activated and memory T cells and possibly for the dissemination of certain types of lymphoma. In previous studies it was shown that this in vivo migration is blocked by pertussis toxin (5, 6), indicating the possible involvement of a chemokine. SDF-1 was a major candidate because, in contrast to many other chemokines that are expressed primarily at sites of inflammation and in hematopoietic tissues, SDF-1 is constitutively expressed in multiple nonhematopoietic organs. To demonstrate the involvement of SDF-1, we have reduced the surface level of its receptor by transfecting SDF-1 linked to the ER-retention signal KDEL (23, 24) . Newly synthesized CXCR4 binds to this SDF-1-KDEL, is also retained in the ER, and is thus prevented from reaching the cell surface. We generated a set of clones in which CXCR4 was completely eliminated from the cell surface, as shown by using a binding assay and confirmed by a complete loss of chemotactic response to SDF-1. This effect was specific since the cells still migrated in response to TARC. Furthermore, elimination of surface CXCR4 led to a complete loss of dissemination capacity. This implies that CXCR4 is involved in the in vivo migration of activated and memory T cells into nonhematopoietic organs and potentially involved in the dissemination of lymphoma cells that express CXCR4.
At least 17 chemokine receptors are known to date, many of which bind multiple ligands. Consequently, a KDEL-conjugated chemokine may prevent more than one receptor from reaching the surface. However, so far SDF-1 is the only ligand known that binds to CXCR4 with high affinity (34, 35) . Furthermore, the fact that SDF-1-deficient and CXCR4-deficient mice exhibit identical hematopoietic and cardiac failures (36, 37) also supports the notion that CXCR4 is the only SDF-1 receptor. Nevertheless, it cannot be completely excluded that a second SDF-1 receptor exists and is expressed by T cells. This would only affect our conclusions if this hypothetical receptor would bind to other chemokines as well. The specificity of the effect of SDF-1-KDEL is demonstrated by the migration of the transfectants toward the chemokine TARC (32, 38) , which was similar to that of the control cells. This shows that relevant signal pathways shared by the two chemokines were not affected by the introduction of the SDF-1-KDEL con- struct or heterologous desensitization and that the migration machinery was still intact.
We also considered the possibility that binding of SDF-1-KDEL to CXCR4 induces signals that might cause the homologous downregulation of pathways not shared with TARC. Crump et al. showed that an SDF-1 mutant in which the N-terminal lysine of the mature peptide was changed to an arginine still binds CXCR4, but does not trigger signaling (33) . We transfected an SDF-1-KDEL construct with this mutation into the T cell hybridoma. In this case, the expression levels obtained were not high enough to completely suppress CXCR4 function as shown by the reduction, but not loss, of SDF-1 binding. Nevertheless, both chemotaxis toward SDF-1 and invasion into fibroblast monolayers was substantially suppressed and also dissemination capacity was strongly reduced, arguing against an effect of SDF-1-KDEL-induced signals.
Another possibility is that introducing a protein with an ER retention signal (KDEL) inside the cell, has nonspecific effects due to the occupation of too many KDEL receptors. To exclude this possibility, another intrakine, TARC-KDEL, was transduced into the TAM2D2 cells. This TARC-KDEL protein should retain CCR4, the receptor for TARC (32) , inside the cell. Indeed, migration toward TARC was completely blocked, whereas migration toward SDF-1 was not. Invasion into fibroblast monolayers of the TARC-KDEL transfectant was similar compared with the control cells. This was expected since invasion is completely dependent on CXCR4 signaling, and this was not blocked as shown in the migration assay. The TARC-KDEL transfectants were then examined for metastasis formation in vivo. Four out of 6 mice died within 6 weeks, at the same time and with the same pattern of metastases as the mice injected with control cells. The fact that these mice all had liver and spleen metastases and died at the same time as the control mice argues against a general KDEL effect. Thus, the block of dissemination as seen after injection of the SDF-K7 and SDF-K17 clones can be specifically assigned to the removal of CXCR4 from the surface and not to a general effect of the KDEL sequence.
The invasion into embryonic fibroblast monolayers was completely blocked in the SDF-1-KDEL transfectants, confirming the strong correlation of this invasion with dissemination of these cells as demonstrated repeatedly (4-7). These fibroblasts produce SDF-1 as tested by RT-PCR (data not shown), and apparently SDF-1 is present on the cell surface, probably associated with proteoglycans. To demonstrate that invasion is dependent on SDF-1 and that the lack of invasive capacity in the SDF-1-KDEL transfectants is only due to the loss of CXCR4, the fibroblasts were pretreated with TARC. We assumed that TARC would bind to the proteoglycans and induce invasion in the SDF-1-KDEL transfectants. Indeed, the cells invaded the TARC-pretreated monolayers, again showing that the required signal pathways were still intact. However, this invasion was relatively modest. Partly, this could be due to a weaker signal as shown by lower chemotaxis induced by the same high (100 ng/ml) concentrations of TARC and SDF-1. This could be caused by a lower surface level of the TARC receptor CCR4 (38, 39) compared with CXCR4. A more likely explanation is that the role of SDF-1 in invasion is primarily the activation of the integrin LFA-1 (10). Although TARC can activate LFA-1 (40), it is clearly less effective than SDF-1 (41) .
Dissemination was completely blocked in the SDF-1-KDEL transfectants, showing that CXCR4 has a decisive role in the dissemination of T cell hybridomas. Further studies should reveal whether SDF-1 and other chemokines that are constitutively expressed, such as BCA-1 and LARC in the liver (19, 20) , play a similar role in other hematopoietic malignancies. This notion is supported by our finding that dissemination of several hematopoietic tumors, but not all, is dependent on G i proteins (ref. 42; and I.S. Zeelenberg et al., unpublished results). However, each of these tumors expresses a different subset of chemokine receptors, so that multiple chemokines may be involved. Furthermore, it should be noted that the mere presence of a chemokine receptor is not sufficient, as described for germinal center B cells, which express CXCR4 but fail to migrate in response to SDF-1 until they differentiate (43) . Similarly, we found that BW5147 cells, from which the T cell hybridomas were generated, express CXCR4 but fail to migrate toward SDF-1 (I.S. Zeelenberg et al., unpublished results).
The T cell hybridomas normally migrate to many tissues, and in all of these tissues this was blocked after the loss of CXCR4, implying that SDF-1 is involved in the migration to all these sites. Indeed, we show here that SDF-1 is expressed in all tested tissues in addition to those described by Tashiro et al. (17) . SDF-1 is also expressed in many tissues that are not (major) dissemination sites, such as heart, colon, and lymph nodes. Clearly, other factors such as adhesion molecules also influence dissemination patterns. A reason why the T cell hybridoma does not migrate to the colon could be that the integrin necessary for entry, α 4 β 7 , is not present on these cells. Similarly, for migration into lymph nodes, cells have to migrate through high endothelium of postcapillary venules, and for this the cells need L-selectin (44) . The lack of L-selectin on the surface of the T cell hybridomas (2) might thus explain the low tendency to migrate into lymph nodes.
CXCR4 and CCR5 are the major coreceptors for HIV-1 entry (22, 26, 27) . The "intrakine" approach used in this study was in fact proposed as a tool for gene therapy of AIDS. Clinical trials are ongoing in which hematopoietic stem cells transduced with two intrakines, SDF-1-KDEL and RANTES-KDEL, are injected into patients (25) . RANTES-KDEL binds to the chemokine receptor CCR5 and is expected to reduce surface levels similar to the way in which SDF-1-KDEL removes CXCR4 from the cell surface. Removal of CCR5 from the surface of lymphocytes conceivably would not be a problem since individuals with homozygous defects in CCR5 have no obvious deficiencies. This is probably due to the many ligands of CCR5 that also bind to other receptors, so that the role of CCR5 can be taken over by other chemokine receptors (16) . However, as stated above, SDF-1 is most likely the only ligand of CXCR4. We showed that removal of CXCR4 from the surface caused a complete block of in vivo migration of T cell hybridomas into many tissues, suggesting that lack of CXCR4 will disturb the normal in vivo migration patterns of activated and memory T cells. This might affect the effectiveness of the immune responses and may thus have consequences for the proposed gene therapy for AIDS, as well as other therapies aimed at blocking CXCR4.
